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It is commonly accepted that cancer is a 
genetic disease. The current prevailing 
theory of carcinogenesis is the somatic 
mutation theory of carcinogenesis and 
metastasis (SMT). This theory postu- 
lates that mutations in epithelial cells 
lead to uncontrolled proliferation of 
tumor cells in a cell-autonomous fash- 
ion. This cell-autonomy is increasingly 
criticized. Current data suggest that the 
tumor microenvironment is also strongly 
involved in carcinogenesis. Recently, we 
published a hypothesis that considers 
the important contribution of the tumor 
microenvironment in carcinogenesis and 
complements the classical clonal evolution 
model. 

Essentially, this "feedback loop model" 
(FBM) postulates that the physiological 
communication between cancer cells and 
stromal cells in inflammatory or prolif- 
erative conditions is altered by anomalous 
signal processing within the parenchymal 
cells. The inability of parenchymal cells to 
correctly finalize the intercellular commu- 
nication might result in a perpetuation of 
the activated state of cells and the tumor 
micromilieu. The FBM is unique among 
the tissue-based models because in this 
model tumor and stromal cells interact 
together in a reciprocal manner to form 
the cancer phenotype. Contrary to the 
SMT, the FBM postulates that mutated 
genes act in a cell-heteronomous fashion, 
not in a cell-autonomously fashion. 

The Feedback Model 
of Carcinogenesis 

The somatic mutation theory of carcino- 
genesis and metastasis (SMT) is the cur- 
rently prevailing concept of carcinogenesis. 



It states that malignant transformation is 
initiated by acquisition of a gate-keeping 
mutation in a replication-competent cell 
and then driven by further accumulation 
of mutations in a multistep process. 1,2 The 
mutations thereby act in a cell-autono- 
mous manner and the role of the micro- 
environment is subservient to that of the 
original mutated cell. 3 

This concept was criticized because 
the accumulation of the at least three 
to six mutations that are necessary for a 
cell to become "malignant" might not be 
achieved in the normal life span of a single 
cell. 2,4,5 Furthermore, it could be experi- 
mentally shown that the neoplastic phe- 
notype is reversible. Isolated parenchymal 
cells from neoplastic tissues reversed their 
phenotype when transplanted in normal 
tissues. 3,6,7 Today, cancers are rather con- 
sidered as heterogeneous and structur- 
ally complex organs, and more credence 
has recently been given to additional cell 
types that contribute to the carcinogen- 
esis and pathophysiological properties of 
tumors. 8 ' 11 A large number of the patho- 
physiological features of cancers can bet- 
ter be explained by reciprocal interaction 
between the parenchyma and the stroma 
than by accumulation of an undetermin- 
able number of mutations of the cancer 
cell. 3 This perception has led to newer, tis- 
sue-based theories of carcinogenesis. The 
tissue-based concepts postulate that trans- 
formed cells are not completely autono- 
mous but can be affected by signals from 
stromal cells. 3,8 However, although there 
seems to be evidence for the tissue-based 
approach in solid tumors, there is no new 
concept for the molecular mechanism of 
the malignant transformation of cancer 
cells. 9 " 11 Recently, we published a new 
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hypothesis on the mechanisms that might 
underlie early carcinogenesis, the feedback 
loop model (FBM). 12 

Molecular Mechanism 
of the New Model 

The name "feedback model" refers to the 
intercellular mechanisms that emphasize 
the new hypothesis of carcinogenesis. 
The reciprocal communications between 
stromal and parenchymal cells in inflam- 
matory or proliferative conditions can be 
considered as feedback loops. These feed- 
back loops are physiologically controlled 
by intracellular signaling processing 
mechanisms that filter, damp or limit these 
interactions. This eventually terminates 
the proliferative or inflammatory condi- 
tions. According to the FBM, mutations 
in parenchymal cells might interfere with 
these regulatory mechanisms. Mutations 
in parenchymal cells might result in a dys- 
functional intracellular signaling process- 
ing and thereby indirectly in an aberrant 
response to extracellular stimuli. The lack 
of regulation by parenchymal cells could 
lead to a perpetuation of the proliferative 
or inflammatory states within the tumor 
micromilieu. 12 The consequence of this 
model is that mutations in cancer cells do 
not act in a cell-autonomous manner, but 
in a cell-heteronomous fashion. 

Dynamic of the System 

An important question is how stable such 
a feedback loop would be. Clinical studies 
examining spontaneous tumor regression 
found a much higher frequency of histo- 
logical frank carcinomas than should be 
suspected in post mortem examinations. 
These studies showed that 34% of men in 
their forties had prostate carcinomas, and 
39% of women in their forties had breast 
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cancers. • 

An intrinsic problem of our hypothesis 
is that positive feedback tends to cause 
system instability. When there is more 



positive feedback than there are stabiliz- 
ing tendencies, there will usually be diver- 
gences from equilibrium. A loop system 
might ramp up to extreme values, which 
may destroy the system and abrogate 
tumor growth. 15 Therefore, stabilizing fac- 
tors are necessary. A possibility to stabilize 
the feedback could be additional muta- 
tions in other signaling pathways. Most 
of the common mutations in cancers are 
diagnosed in fully developed tumors and 
thus are unlikely to shed light in the events 
that initiate carcinogenesis. However, 
these mutations could be responsible for 
the stabilization of the feedback loop. 3,16 

Another point is that the FBM is 
dependent on soluble extracellular fac- 
tors, because these factors mediate the 
information flow. Because of this, a major 
alteration of the extracellular milieu could 
also cause a collapse of the feedback loop. 
This may be the underlying mechanism of 
oncolytic virus therapies. 17 In this respect, 
more stability could be achieved by tumor 
growth, because with increasing size the 
disturbing influence of extrinsic factors 
will be smaller. 

To conclude, FBM is a new the tissue- 
based hypothesis on early carcinogenesis. 
Mutations according to the FBM act in 
a cell-heteronomous fashion to form a 
positive feedback loop between parenchy- 
mal and stromal cells. The proposed new 
model has a more unpredictable dynamic 
than the classical SMT, where mutations 
always lead to proliferation and cellular 
activation in a cell- autonomous manner. 
However, this unstable dynamic might be 
in good accordance to clinical data. 
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